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The Navyin FY2021 and beyondants to develop and procure thtgpes oflargeunmanned Specialist in Naval Affairs
vehicles (UVs) These large UVs are callkdrgeUnmanned Surface Vehicles (LUSVS),
MediumUnmannedsurfaceVehicles (MUSVs)and ExtraLargeUnmannedJndersea/ehicles

(XLUUVSs). The Navy is requestings®9.9million in FY2021 research and development fungli

for thesdargeUVs and their enabling technologies.

Novemberl0, 2020

The Navy wants to acquire thelargeUVs as part of an effort to shift the Navy tonaredistributedfleet architecture.
Compared to the currefieet architecture, this mordistributed architecture is to include proportionately fewer large surface
combatantsife., cuisers andlestroyers), proportionately more small surface combataatsfifgates and Littoral Combat
Ships), and the addition of significant numbers of large UVs.

The Navy wants to employ accelerated acquisition strategies for prothesgarge UVs, so asotget them into service
more quickly. The thegeacgelesateddaegsisitiorestrategmsbarviplved s an expression of the
urgency that the Navy attaches to fielding large UVs for meeting future military challenges from countriees Ghutfa.

The Navy envisions LUSVs as beiBg0 feetto 300 feein length and having full load displacemeaf 1,000 tons t&,000
tons.The Navy wants LUSVs to be lewost, highendurance, reconfigurable ships based on commercial ship designs, with
amge capacity for carrying various modular payloagsarticularly antisurface warfare (ASuW) and strike payloads,
meaning principally antship and laneattack missilesAlthough referred to agVs, LUSVs might be more accurately
described as optionallyr tightly manned ships, because they might sometimes have a few onboard crew members,
particularly in the nearer term as the Navy works out LUSV enabling technologies and operational dontepksng up

the Navy’' s proposed [Eon@e8shladebensd committeesexprassedadncemnsoger whether the
Navy’' s accel er at epilovidedeqough snettoiadequatsiyt devalbpeanceptsof operations and key
technologies for these large UVs, particularly the LUSV. In response, thegNas FY 2021 b poppsesto sub mi s
modify the aquisition strategy for the LUSV prograso as tgrovide more time fodeveloping operational concepts and

key technologies before entering into serial production of deployable Unitsd e r t hpeposednodifiedd. USV
acquisition strategy, the Navwy proposingo use research and development funding to acquire two additional prototypes in
FY2021 and one moradditionalprototype in FY202before shifting in FY2023 to the use of procurement fugdiom the
procurement of deployable LUSVs at annual procurement rates in FYR02®5 of 22-3.

The Navy defines MUSVs dwing45 feetto 190 feetlong, with displacements of roughly 500 toffhie Navy wants

MUSVs, like LUSVs, to be lovcost,high-endurance, reconfigurable ships that can accommodate various payloads. Initial
payloads for MUSVs are to be intelligence, surveillance and reconnaissance (ISR) payloads and electronic warfare (EW)
systems. The Navy is pursuing the MUSV program apia raototyping effort under what is known as Section 804

acquisition authorityThefirst MUSV prototypewas fundedn FY2019 andthe Navywantsfund the secongrototypein

FY2023.0n July 13, 2020, the Navy annoantract®d3 Tednmologies, tnc. foralee a wa |
development of a single Medium Unmanned Surface Vehicle (MUSV) prototype, with options to procure up to eight

additional MUSVS.

The first five XLUUVs were funded in FY2019; they are being built by Boeirtge Navywantsprocure additional
XLUUVsata rate of two per year FY202hhudgét sugmissimoesndidcu@ 3undingfore Navy
the procurement adidditionalXLUUVs in FY2021 or FY2022.

The Navy’'s | arge UV pr og issuesfor Qoongsesscladingissneb relatingdderanalytieat s i g h t
basis for the mordistributedfleetarchitecture t h e cederatgdicguisitonstrategesfor these programsechnical,
schedule, and cost righ the programsthe proposed annualrpcurement ratefor the programstheindustrial base

implicationsof the programspotential implications for miscalculation or escalatadrseathe personnel implications of the
programsandwhether the Navy has accurately priced the work it is proposing tol2621 on the programs
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This report provi e
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| amnmgenanvreend cl ¢ hat UY )
beyond
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The Navy want 9 atliliyeasa qpia mofd ft derthtd e Narnveyivl e e t
architkeceurea new combinatitomatofi ss hm@prse amidd elt yh ed
than t'deciNavgnt fTeet Navyg hi$sbe7cBeigbuleisotnilnign FY202
research andfdaede nlgpiiggand hekbeir enabling technol

The issue for Congress is wNeMsheguisi appnosgséey at e
anElY2Df2undi nogf adh@wadWes . ThHse pNraovpyosal s for devel op
proicigheme a number of over si ghst diescsi use so nfsoro nC ot nhge

pbaeikyd wdin df 6 ohrh@ogmpetsd scaf an d
e Navy wants tolacdelvel op and

i ssues could substantially affect Navy capabilit
and UV industri al bases.

I n addi t adJyestoov etrhreed i n this report, the Navy al s
smalUls&s and &&Vwel | as unmanmdd vaari.ioalDs hedriziecsl e s
Uu. S. mi | i aeard/e wseelropicrec, procurtiynwmgekvami@aopeéerati ng
CRBreports address! some of these efforts.
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UVs armnd ocreer al —nelwmrcapwibbHddgyeesvppdoaeni c
weapanti ficiaandndeaebheigramwah shiydeadwur sui ng t o me
emer qi hgt ary, crharltliemwleadVy dammbe&€he quwi pped with

weapons, or ,amtdh ecra np abyel oogpdesraautt eoch orneonuostl eyl, y ,ors ¢ mii t h
technol ogi cal adv g3Thecnpenn tbse) ianudtiovniodmwoaulslly | ess ex

1See, for exampléCRS Report R45519heAr my s Opti onally Manned Fighting Vehicl
Background and Issues for Congrelsg Andrew FeickertandCRS Report R45392).S. Ground Forces Robotics and

Autonomous Systems (RAS) amtificial Intelligence (Al): Considerations for Congres®ordinated by Andrew

Feickert

2 See, for example, Department of the Natdighlights of the Department of the Navy FY 2@dget inside front
cover (“The Bott om L iamnydasers, eleétromagnatic @iRWBs, and hedguriched guided
projectile (also known as the hypervelocity projectile), GBS Report R4417%avy Lasers, Railgun, and Gun
Launched Guided Projectile: Baground and Issues for Congreby Ronald O'RourkeFor a CRS report on
advanced military technologies, 8BS In Focus IF1110Refense Primer: Emerging Technologibg Kelley M.
Sayler

3 For moe on autonomous UVs, s€RS In Focus IF1115@efense Primer: U.S. Policy on Lethal Autonomous
Weapon SystemBy Kelley M. Sayler
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than manned ships and aircraft becaamse& their des
suppeagmuti pfrmerntonboard RN¥VYmam bdeempatraod luwlnagrl y sui t akb
dur amiisssn ons that might ofaxnblharpghyhamaabiopredart amn
t hmdase a ohfi gihnjruirsyk, dfaothboar d cé potdasmne eqollpdesrta tyo r
arseometi mes said to Ise ap drbtditeceiuddnoann sge amiuissgadth ® f or
t hatduwlrle, dirt.y, or dangerous

The Navy has dmxmpede vwelnaginQuwi t hpes o,f dvds f or
has transitionedpaomécof arhesetbepkrofnDSs e dAYS) pr o
ThBepart ment of the Naty i ntvaethe 89 4femkifa tetxea mgprd &, o ft h
FY20iln9c | D AMds t hat its projected inventory of 3,6
wi || include 45 UVs, and t haftt iats tphreojerd edf i MWZ
includeEgéndse, obbaveens cexspircensasleldy di ssati sfacti
t hey viMawsglsow hmaadnesiintbvodevel opmemnogffdmg ts i nto
procuring UVs inngutameémtiyntamdt hewtemeradtii onal fl e
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As shdowmg ardi gt e Navyi WSMamiudaess agiommse f our
si-kesed octahtzhgeovN elcad d e, medi um, samdal litsardVvery
acquippriagemmsgil mtr ¢ yf-boausre ds i cztagh teehigeo r N aegsy tl ma Igles

| arge, mediTuhe laanrdges mMhMs di scussed iwoUSWi s CRS r
categdriigds mdn t g 8 b p ghoirg@.ri en

The smaller UVs showfkiigda eflieg hrtewdi chathegomioes cof
in this reporftr,onc armanmne dd Nmlvoyy eschi ps and submarin
reach of those .sHhlihps |ardeés ivmsd rciowee€L RS report, i
more | ikely to beideptoypdrfiormcmi gsioonosm phat mi
assigned tpes mardn esd banair i nes.
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I rge UVisa e ppweerde ddiirre ctthiys frreopro rpti eadar
mi ssions at might other wi se bseo naes so bgsneerdv etros nhaar
a raised guestion as to whether the | arge UVs
t olpec@luhtt be ofumthdrps Denp atrhtemeNatv yof Def ense ( DOD)
|l ate 2019 have sent mixed signals on this quest:
Navy -[lfevelehgioll repl'sceut bsehniNalSfgobred(esga@a In e x
sectwidn) include | arge®unmanned vehicles (UVs).

‘See, for e x a DpreePerfoAmthe DI,Datl, or Ddapus Work ” Tech. c o, November 12,
Bonni e RDU,iDinty Dangeroudission? Send in thRobotVehicle » U. S. Ar my, August 20, 2
Ber nar drheMds Of Robbtization: Dull, Dirty, Dangerous And De&orbes October 16, 2017.

5 Departent of the NavyHighlights of the Department of the Navy FY 2@&dget Figure3.7 on page J.

61n December 2019, it was reported that the Office of Management and Budget (OMB) had directed the Navy to

include in its FY2021 budget submission a leaisk proposal to formally change the definition of which ships count

toward the quoted size of the Navy (known as the number of battle force ships) to include not only manned ships, but

also large UVs that operate essentially as unmanned éhipe e Justin Katz, “OMB: Pentagon Mt
‘Redefine’ Battl ef or ce Sh ingide DafeoseDecembden2d, 2019) JosephiTrewthick, Ve hi c | e s,
“White House Asks Navy To I nclude NewelWnmRihabryg]l Vessels |In
December 20, 2019; Paul McCleary, “Navy ToBrékirgsh 24 Ships
Defense December 20, 2019, Davi d B. Larter, “Pentagon Propose
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Figure 1. Navy USV Systems Vision

USV Systems Vision
Enhanced, Efficient Capabilities

Armed Coastal Patrol
(Fomysemsi [ 5% g
f-::u-, GARC Optonally Manned

Efficient, Executable Progression of Capabilities onto Common USV Hull Forms

Distribution Statement A- Approved for Public Release; Distribution Unlenited. This Birief bs provided for Information

Onby
and does Mot constitute & commitment oo behall of the U.S. governmont o provide additional information and / or sale of the system

Source: Slide 3 of briefing by Captain Pete Small, Program Manager, Unmanned Maritime Systems (PMS 406),
entitled oUnnayrmrsntedsMdlrpidtaitme 6 January alt5, 2019, accessed
https://www.navsea.navy.mRitrtalsi 03DocumentsExhibitsSNA20190UnmannedMaritime Sy8mall.pdfer=
201901-15-165105297.

/ EUOwOIl w, OUI w#PDUUUPEUUI Ew- EYaw»Ol Il Ow UET PUI E
The Navy and DOD since 2019 IINawvfgorbeeeal woo &l ngot o
repl aNeaevsy threr e-shi BH5fowrede goal . The conclusion of t
of its resultsn tdelComngd ersesp2dicdf@ethtbyekes i hceml Baey a
DOD officials since 2019 halvevdlndg acalt ewi ItIh aitn ttrhd
| eastelseomeent si ®d e rme romtcieon change in fleet archit e
types of ships that make up the Navy and how t he
anoth to perform Navy missions. €Ihdisstnreinwo utlesdet

er
than the fl eet ar chsihtiepc tguorael roerf |pereetveildo ugso aN ativey Bf BOE
particular, the new fleet architecture is expect

T a small er proportiondet

kl arger asisi, parfseck, a:
destroyers, |l arge amphibio

us ships, and | ar g

Retiring 13 Cruisers Defense New®ecember 24, 2019.)

In January 2020Admiral Michael Gilday, the Chief of Naval Operations, statedtti@atoplevel expression of the

shipforcel evel goal resulting from the Navy’'s né&aGoneFSA would no
“CNO Gilday Calls for Budget Increase to Reach 355 Ship FI
Shi SNINews January 14, 2020; Rich Abott, “CNO: Ship Count Wi
Needed For Défdnelaly Gbanmydry 15, 2020; John M. Doyl e, “CNO Warl
Budget t o Moder ni zSegpowere eJta nQuhairnya 1T5h, r e2alt2,0”; Rich Abott, “CNO:
Include Unmanned:; Bi gger DefensdDailymnudheld 2@28) For Fl eet Goal ,”

In September 202&ecretary of Defense Mark Esgnaled that the stated skiprce level goal will include large
UVs.( See, f or ex amp Esper UMeughadrivesBets KVEl Allew the,Navy to Reach-Sbp Fleet ”
USNI NewsSeptember 18, 2020.)
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T a |l arger proportion of smaller ships (such a:
amphibious ships, smaller resupply ships, an:
and

T a new t hirdvetsiseerl sofa bsouurtf aacse | arge as corvette
that wil!l be either Iightly manned, optional

| arge unmanned under water vehicles (UUVs)

Figure 2. Navy UUV Systems Vision

. D ks 108 [ Pasoon wemyaten |
‘o ===
A g ,
{ Asuw I

_{uw 906 || Bomengace Amarveess }__Jl\tmoxv»\nnﬂvnl
M Povtstte) - b’__._.) |

apcche ) MMBMod 1 (Smush) IVER M

Efficient, Executable Progression of Capabilities through Various UUV Systems

Distribation Statesment A: Approved for Public Release; Distribution Unlinited. This Brief is provided for Information

Ondy
and does not constitute a commitinent on behalf of the U.S. government Lo provide additional information and / or sale of the system

Source: Slide2 of briefing by Captain Pete Small, Program Manager, Unmanned Maritime Systems (PMS 406),
entitled o0Unmanned Maritime Systems Ugidate, 6 January 15,
https://www.navsea.navy.mRitrtals1 03DocumentsExhibitsSNA2019UnmannedMaritime SySmall.pdier=

201901-15165105297.

Navy and DOD | eaders believe that shifting to a

T operationallyoneesepondyeffectively to the im
accessgémirala ( A2/ AD) capabilitCrisnaf ot her col
‘'See, for example, David B. Larter, “Wi th China Gunning for

Fi g hDefenséNews December 6, 2019; Ar t hulS. Raval IBsttutebPeoceedingsRedesi gn t
Jaruary 2019. Some observers have long urged the Navy to shift to a more distributed fleet architecture, on the grounds

that the Navy' swhurchemtonareahirtaeetsumach of the fleet’s capa
of individually lager and more expensive surface shiisincreasingly vulnerable to attack by the improving A2/AD

capabilities (particularly anghip missiles and their supporting detection and targeting systems) of potential

adversaries, particularly China. Shifting tanare distributed architecture, these observers have argued, would

e complicate an adversary's targeting challenge by prese
to detect, identify, and track;

« reduce the loss in aggregate Navy capahifiagt would result from the destruction of an individual Navy
platform;

« give U.S. leaders the option of deploying USVs and UUVs in wartime to sea locations that would be
tactically advantageous but too risky for manned ships; and

Congressional Research Service 4
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1 techni calalsy af g ®@siudlte of advances in technolog
net working widely distributed maritime force
of UVs; and
1T afforenaoblmor e expensive, and possibly |l ess ex
f lteemarchitectur e, so as to fit within expecte
Shi ftingditsot raa buotreed f orce architecture, Navy and
suggested, wild.l support the inpleevmenvtatircemi afg t
oper atoinemralt ,ccall ed Distributed Maritime Operat.
Corps operational concept called EWheéeM&vyonary 7
of ficials have provi ded?3tH eaviNdbestsaninlesi2t0sh 1IFpYu bl i ¢  ak
budget stutbanti ssi on

MUSVandLWBYV ar e key en sDistrdbutesl MarifimetOpeeatioNsag MO)

concept, which includes being able to forward deploy and team with individual manned

combatants or augment battle groups. Fielding of MUSV as@\Lwill provide the Navy

increased capability and necessary capacity at lower procurement and sustainment costs,

reduced risk to sailors and increased readiness by offloading missions from manned

combatants.
EEI Ol UEUI Ew EQ@UPDUSOPBEOROUUWEIVET OOOGEDE W
The Navy wants to employ accelerated acquisitior
them into serVheedawdyesi gei ¢kl empl oy these accel
strategies can be WwWieewedgeasyahhaxptéeéesiNanmyohtt act
UVs for meeting future militar% challenges from
The LUMUS@rdogr ams are building on USV devel opme
Capabilities Officef (tSIC&O)Sevdin éti anr ¢t teefed@bfddiratresteo ( C

» increase the modulayiand reconfigurability of the fleet for adapting to changing mission needs.

For more on China’ s marCRS Repod RLA23IkiDa NaalpVederinitation:i e s , see
Implications for U.S. Navy @&abilitie® Background and Issues for Congrelsg Ronald O'Rourke

8 Then-Chief of Naval Operation&dmiral John Richardsoiiry explainingDMO, statedn December 2018 hat “ Our

fundamental force element right now in many instances is the [individuallci er stri ke group. We’'re g
so our fundamental force element for fighting is at the flegd] level, and the [individual] strike groups plug into

those [larger] numbered fleets. And they will be, the strike groups and the fleet togdth® operating in a

di stributed mar i(ChiefoENawalfOparations Admiral JohraRichdrdson, as quoted in Megan

E ¢ k s tNavy Rlannirfg for Grayone Conflict; Finalizing Distributed Maritime Operations for Highd Fight ”

USNI NewsDecember 19, 2018.)

9 Department of Defendéiscal Year (FY) 2021 Budget Estimatéavy Justification Book Volume 2 of,RResearch,

Development, Test & Evaluatipfrebruary 2020, PDF page 90 of 1,538. The statement also appears on PDF page 324

of 1,538.For more on the more distributed force architecture, DMO, and EABZR8eReport RL3266%avy

Force Structure and Shipbuilding Plans: Background and Issues for CongseRonald O'RourkeSee alsdevin

Eyer and Steve McJessyOperationalizing Distributed Maritime Operations Cent er f or I nternati onal
Security (CIMSEC), March 5, 201&hristopher H. Popat al.,Distributed Maritime Operations and Unmanned

Systems Tactical EmploymgNavd Postgraduate School, June 2018, 171 pp. (Systems Engineering Capstone Report);

Lyla EnglehornDistributed Maritime Operations (DMO) Warfare Innovation Continuum (WIC) Workshop September

2017 After Action ReparNaval Postgraduate School, December 2097%p.

10 A number of other DOD acquisition programs are also employing rapid or accelerated acquisition strategies of one
kind or another, in some cases using special acquisition authorities that Congress has granted to DOD. For additional
discussion, seERS Report R4506&\cquisition Reform in the FY204F6Y2018 National Defense Authorization Acts
(NDAAS) by Moshe Schwartz and Heidi M. Peters
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develop USVs is called Ghost Fl eet |, and its LUS\
call ed Overl ord.

As shdwmgGiret he Navyfhase kdgmbupreedhel| ogi es for i
USV and UUWGpwveqr dmsnitations on underwater c¢commi
frequency electromagnetic waves odoamdtontomawe!l f ¢
operations (such as artificial intelligence) wil
(and other HBUV programs)

Figure 3. Enabling Technolog ies for U SVs and UUVs

¢ Endurance
~ Improved reliability & safety
~ Increased endurance & range
~ Support additional & more capable sensors

.+ 2 ” % Learn Transition
e Autonomy & Precision Navigation + Flost Exevcises \, “Autonceny
~ Increased levels of autonomy & decision making C Capatiiey Dombamions R oo
x pav Precision Navigation
~ Increased accuracy & reliability <Faturs Poyiosds
“Endutance
e Command, Control, and Communications
~ Safely, autonomously & reliably launch and recover \
~ Standard Command, Control, and Communications Standardize
» Comemon Autononry
e Payloads & Sensors K rmromrag
 Increased capacity for sensors and payloads *Ulee Bomers Corthesdons

~ Increased capability

e Platform Integration
~ Increased capability to launch and recover
~ Increased coordination with host platforms

I Increasing the Maturity of Critical Technologies is Integral to Success I

Distribution Statoment A: Approved for Public Release; Distribution Unlimited, This Birief is provided for Information Oaly

and does not constituto a commitment on bobalf of the U.S. governmaont to provide additional information and / or salo of the systom

Source: Slide 4 of briefing by Captaiete Small, Program Manager, Unmanned Maritime Systems (PMS 406),
entitled oUnmanned Maritime Systems Ugidate, 6 January 15,
https://www.navsea.navy.mitrtalsi 03DocumentsExhibitsSNA20190UnmannedMaritime Sy8mall.pdfer=

201901-15165105297.

In May 2019, the Navy established a suohakte deve
concepts for LUSVs and MUSVs. The sqd®d®m09n wi l I
class destroyer and one Sea HuRit @dr.p rAotscetcyomned me c

11 For additional discussion of some of the enabling teclyiedoshown ifFigure3, see Pete Small, “Empowe
Unmanned Maritime Revolution,13. Undersea Warfare, Spring 20

12 For more on the use of artificial intelligence in defense program&R8eReport R4517@rtificial Intelligence
and National Securityby Kelley M. Sayler
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Sea Hunter prototype wild/l reportedly be added

ar
MUSVs will then be add®d as they become avail abl

Figure 4.Sea Hunter Prototype Medium Displacement USV

Source:Phot ograph credited to U. SPanelNiunmanned SudacenvessatsWilbegy John G
Significant Part of Future U.S. Fle&SNI NewsApril 15, 2019.

~ ~ ~
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The Navy envassiboenisngL \(RPSOV0s f eet to 300 feet in | en
di spl acements of ,1,whiOch owosu ltdo n2a kOeO OtFH epmm steh e si z
5shows a detail from a Navy briefing slide showi
of a notional LUSWIigred e@i g @stlkowad hiMUSVt. hat have
as LUSV prototypes. I n unclassified presentatior
of f shor e ss uupspeodr tb ys htihpe o | and gas industry to i

be used as th® basis for LUSVs.

BSee, for exampl e, Megan Eckstein, “ Nav yloos,tUammened Up Sur f ace
Exper i meUSNidNewso May 22, 2019; David B. Larter, “With Billion
Charts | ts UrDefenserNewViay6u,t u2rOel, 9". See al so Michael Fabey, “USN

Systems Operatliamredls OCarvgydpylg 20t9nat i onal

“Sam LaGrone, ‘SNapy UWamanse#dO' Ghost FI eeUSNI NewsM3rcthppl ement Ma
13, 2019.
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Figure 5. Prototype and Notional LUSVs and MUSVs

Unmanned Surface Warfare

PROTOTYPES

LARGE USV

MEDIUM USV

Source: Detail from Navy briefing slide entitled Unmanned Maritime Systems, slida Blavy briefingntitled
0bDesigning & Building the Surface Fleet: Unmanned and Sm
June 20, 2019, conference of the American &gadf Naval Engineers (ASNE).

The Navy want s-cb¥8¥anliughme el, oweconfigurabl e shi
commercial ship designs, with ample capacity for
particuduwrrflayceanwar fare ( ASuWe aan dh gs tprhii kpec appadyl |1 oya &
| aatdt ack ®mi ssil es.

The Navy wants LUSVs to be capable®®of epmiating
autonomously (with hdmanfapeéyatoat®nomotukseé y,Lb oapy,
oper aittilmegre giendent | y ort hi rmacnonrejdu nscutrifoanc ew combat an:

referred to as UVs, LUSVs might be more accur at e
ships, because they might someti mes ttheeve a few ¢
15The Navy states that theUSV“ pr ovi des di stri buted fires” andSeewi | | i ncl ude

Slide 5 of briefing by Captain Pete Small, Program Manager, Unmanned Maritime Systems (PMS 406), entitled
“Unmanned Mariti me a9 ¥5 208 nascessed May 22 201 htgds:dvimavw.navsea.navy.mil/
Portalst03DocumentdxhibitsSNA2019UnmannedMaritimeSysSmall.pdf¥er=201901-15-165105297.

16 The Navy states that having the operator in the loop can be understood as referring to continuous otimezus
observation and/or control of the UV by the operator. (Source: Navy email to &B$dine 4, 2019.)

17 The Navy states that having the operator on the loop can be understood as referring to a UV that is operating semi
autonomously, with the UV controlling its own actions much of the time, but with a human operator potentially
intervening from time to time in response to either a prompt from the UV or data sent from the UV or other sources.
(Source: Navy email to CRS dated June 4, 2019.)
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nearer term as the Navy works out LUBV enabling
LUSVs are to -fepatapabbbthi bsi anhd an ability to e
to use existing Navy sensors and weapon | auncher

Figure 6.LUSV Prototype

Source: Cropped version of photograph accompanyMgllory Shelbourne 606 Compani es Awar ded Col
to Start Work on Lar geUStinNewesSepteantber § 202Fha capgtionVoethei c | e, 6

photograph state i n AshostFleet Gverlord test vessel takes part in a capstone demonstration during the

conclusion of Phase | of the program in SeptembberThe phot o is credited to the U.S.

Figure 7.LUSYV prototype

«"

SLEY CLAME

Source: Cropped version of photograph accompanyMgllory Shelbourne 606 Compani es Awarded Col
to Start Work on Lar geUStinNewesSepteanter § 202K Ehe @aptidheoithec | e, 6

phot ogr aph HGhost Elset Qverlorgtest vesséhkeas part in a capstone demonstration during the

conclusion of Phase | of the program in SeptemberThe photo is credited to the U.S.

XVXV1 Ze'eeSe’'YZ1 E+'Y'et

In mar ki ng 'supprtohpeo sNeadv YF Y2020 budget, some of the
com ttees expressed consceacncse loevreat ewdh ea chgewi stihtei oNma

B8See, for exampl e, David B. Larter, “US Navynnédooks to Ease
Cr e Weféhse Newslanuary 29, 2019.
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provided enough
| rag e

Nat

i me to adequately devel

op

conCcCEe

t
UVs, particul arS.yRetphed fLIWSVne | hl,i tZ0T E)poarnt
onal Defens8. AlvTB0hez&8enaheAdt medt &dr vi ces C(

The committee is concerned that the budget

design, technology development, and integration as well as a limited understanding of the
LUSV concept of employment, requirements, and reliability for envisioned msspiase
excessive acquisition risk for additional LUSV procurement in fiscal year 2020. The
committee is also concerned by the unclear policy implications of LUSVs, including ill
defined international unmanned surface vessel standards and the legalfstatned or
potentially armed LUSVs.

Additionally, the committee notes that t

he

reque

Navy'’

LongRange Pl an for Construction of Naval Vessels f

similar issues: “ Unammedrsyieend areanotchccaumpted ifoo in the | y
overall battle force[.] ... The physical challenges of extended operations at sea across the
spectrum of competition and conflict, the concepts of operations for these platforms, and

the policy challenges associated wétmploying deadly force from autonomous vehicles

must be well wunderstood prior to replacing

The committee believes that further procurement of LUSVs should occur only after the
lessons learned from the current SCO initiathave been incorporated into the next
solicitation to enable incremental risk reduction.

In addition, the committee believes that the LUSV program, which appears likely to exceed
the Major Defense Acquisition Program cost threshold, would benefit fromearigorous
requirements definition process, analysis of alternatives, and deliberate acquisition
strategy*®

S. Rept &l BBb6 st at ed

While recognizing the need for progpes to reduce acquisition risk, the committee is
concerned that the acquisition strategies for the Large USV, Medium USV, Orca UUV,
and Snakehead UUV could lead to procurement of an excessive number of systems before
the Navy is able to determine if theSMs and UUVs meet operational needs.

Therefore, the committee directs the Secretary of the Navy to submit a report to the
congressional defense committees, not later than November 1, 2019, that provides
acquisition roadmaps for the Large USV, Medium USVWca@DUUV, and Snakehead
uuv.2°

195 Rept. 11618, p. 80.
20 S Rept. 11648, p.106. The report stated further on pages-10% that

Each roadmap shall: (1) Identify the applicable requirements document (e.g., Top Level
Requirements); (2) Describe the threshold and objective values for each characteristic, key
performance parameter BR), or other measure in the applicable requirements document; (3)
Identify increments of vessels in each program; (4) For each such increment, identify specific
entrance and exit criteria that build toward the specified requirements (e.g., charadt@&tBtior

other measure), including demonstrated hardware and software functionality; (5) Identify the
guantity of vessels needed in each increment to perform the required testing or meet operational
needs; (6) Describe the concept of operations for eacanrent; (7) Identify the key pieces of
hardware and software needed for each increment, including communications security material,
off-board lineof-sight and satellite communications, and military datalinks; (8) Describe the extent
to which each increnmt of vessels will be equipped with weapons, enumerate such weapons, and
describe the associated target detea@ngage sequence of events for each such weapon; (9)
Provide the subsystetavel prototyping plan for each increment, including for each stiott ¢he
planned cost, schedule, and performance; and (10) Provide the acquisition plan for each increment,

Congressional Research Service 10
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In itsS.RepdOBflilSept ember 12, 2APP)Y opmitahe omMB2 AZ(
(S. 2478he Senate Appropriations Committee state

the Committee is concerned that for several unmanned programs the Navy is pursuing

acquisition strategies that would limit future competitive opportunities by awarding

systemlevel prototypes early in the acquisition process and failing to articulate capability,

requirements or technology roadmaps to encourage industrial innovation. The Assistant

Secretary of the Navy (Research, Development and Acquisition) is direcgedmit to

the congressional defense committees with the fis
such acquisition roadmaps for each unmanned acquisition program that include no less

than mission requirements, program requirements for each incrersgrigdanologies,

acquisition strategies, test strategies,-sytem and syste#favel prototyping plans, and

cost estimate%:

S. RepL08Ild® st ated

The Committee fulf supports additional investments in unmanned and autonomous
technologies, systems and ssistems, including surface and sarface vessels.
However, the Committee is concerned with the proposed acquisition and funding strategies
for the MUSV and LUSV inthis budget request, to include the Future Years Defense
Program. Therefore, the Committee recommends several adjustments, as detailed
elsewhere in this report, and directs the Assistant Secretary of the Navy (Research,
Development and Acquisition) to riew the acquisition strategies for these programs to
address congressional concerns, as appropriately balanced with warfighter needs. (Page
194y

The explanatory stat enfeY2t0 2f0o rD QDh eA pfpif ridapl rs iivaetri soi nosn
A of R. /IPL15833%16December 20, 2020) stated

The Secretary of the Navy is directed to comply withftllefunding policy for LUSVs in

future budget submissions. Further, the agreement recommends $50,000,000 for the design
of future LUSVs without a vertical launch system [VLS] capability in fiscal year 2020.
Incremental upgrade capability for a verticaliah system may be addressed in future
fiscal years. It is directed that no funds may be awarded for the conceptual design of future
LUSVs until the Assistant Secretary of the Navy (Research, Development and Acquisition)
briefs the congressional defensentpittees on the updated acquisition strategy for
unmanned surface vesseéls.

XVXW1 2e¢Ze¢l1 72<—"@R’'~"—

I'n resplhesmdrlomps he congressitomal'slakey2hz® commit
budget submission proposes he MO8V fprobhramcygai &$
provide more time for developing operational cor
serpiraolducti on ofUrdegr otydpd bpawswdf s ed LUSV acqui si
strategy, the Navy cihs amrdo pdesvied g ptmee nus & urnedd engg t o
additional prototypes in FY2021 and one more adc
FY2023 to the use of procurement f uvantdianngn ufadr t he
procurement -F¥268RRITNREEZR2PY 2RBY2021 budgkeat ssibmi ssi

including the planned cost, schedule, and performance.
21 S.Reptl116-103 p. 191.
22S.Rept. 116103 p. 194.
23 Explanatory statement for Division A bf.R. 1158 PDF page 274 of 414.
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Major changes [in the LUSV program] from [the] FY 2020 PresideBuidget request to
[the] FY 2021 PresidehtBudget request [include the following]:

(1) The program will award Conceptual Desi@eD) contracts to multiple vendors in
FY20. The CD effort will support refinement of a LUSV Performance Specification that
does not include the Vertical Launch System (VLS). The final Performance Specification
will define a LUSV with reservations in theesign to support integration of a variety of
capabilities and payloads. This effort, which was originally planned to award in Q2 [the
second quarter of] FY 2020 will be delayed until early Q4 [the fourth quarter of] FY 2020
in order to support amendment tife CD Request for Proposals (RFP), Performance
Specification, and associated artifacts.

(2) The delay in award of the LUSV CD effort will delay follawm activities (RFP
[Request for Proposals], [and] source selection) leading up to the award of theDdt#8N
Design and Construction (DD&C) contract. DD&C award will be delayed one year, from
FY 2021 to FY 2022. The DD&C award will deliver a RghS LUSV prototype based

on the Performance Specification developed during the CD effort.

(3) In lieu of the FY2020 Presideiht Budget request plan of awarding the LUSV DD&C
contract in FY21, the Navy is planning to procure up to two additional Overlord prototypes,
building on the lessons learned through the Ghost Fleet program and advances in C4l and
combat syste prototyping efforts.

(4) The Navy plans to transition LUSV to a program of record in FY 2023 and align [the
program’ s] procurement funding to the Shipbuildi
account*

A January 13, 2020, presnetdo epobmi statkedpohiatomht
concepts of operations fo?® LUSVs and MUSVs in Ag

Z™e7 «7Z>1Z81XVXV1 "—e>SE+1 S>e

On September 4, 2020, DOD announced the foll owir
the LUSV:

Huntington Ingalls Ing.Pascagoula, Mississippi (N0O0G28-C-6319); Lockheed Martin
Corp., Baltimore, Maryland (N000220-C-6320); Bollinger Shipyards Lockport LLC,
Lockport, Louisiana (N000220-C-6316); Marinette Marine Corp., Marinette, Wisconsin
(N0002420-C-6317); Gibbs &Cox Inc., Arlington, Virginia (N0002420C6318); and
Austal USA LLC, Mobile, Alabama (N000220-C-6315), are each being awarded a firm
fixed price contract for studies of a Large Unmanned Surface Vessel with a combined value
across alawards of $41,985,112.

Each contract includes an option for engineering support, that if exercised, would bring the
cumulative valudor all awards to $59,476,146.

1  The contract awarded to Huntirign Ingalls Inc. is $7,000,000;

1 the contract awarded to Lockéed Martin Corp. is $899,978;

1 the contract awarded to Bollinger ShipgarLockport LLC, is $6,996,832;

1 the contract awarded to Marirtee Marine Corp. is $6,999,783;

#“See also Justin Katz, “Navy Says It Wi Il Adjust to LUSV R
Inside Defense January 16, 2020; Vivienne Machi , “FY 21 Budget R
Procurement Schedl e , P Efersa adyJahuary 16, 2020.

Mal l ory Shelbourne, “Navy to Submit RegnsidetDefense Apri | on Un|
January 13, 2020. See al so David B. Larter, Cdndeptse t Command
for Un ma n mefehse Blawsiansary2, 2019.
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1 the contract awarded to Gibb & Cox Inc. is $6,989,499; and
M the contract awarded to Austal USA LLC is $6,99902

Work will be performed in various locations in the contiguous U.S. in accordance with
each contract and is expected to be complete by August 2021, and if option(s) are exercised,
work is expeted to be complete by May 2022.

Fiscal 2020 research, devetoent, test and evaluation (Navy) funds in the amount
$41,985,112 will be obligated at time of award and will not expire at the end of the current
fiscal year.

These contracts were competitively procured via Federal Business Opportunities (now
beta.SAM.gov) with eight offers received. The Naval Sea Systems Command,
Washington, D.C., is the contracting activify.

A September 4, bDdDWZAO0,t hper csontrreaprdr tawar ds st ated

“These contracts were establ i shedntsifona order to ref
Large Unmanned Surface Vessel and conduct reliability studies informed by industry
partners with potential solutions prior to release of a Detail Design and Construction

contract,” Navy spokesman Capt. Danny Hernandez t
“The studies effort is designed to provide robu:
industry to assist in maturation of platform specifications, and ensure achievable technical

requirements are in place for a separate LUSV DD&

“The Lsth@es will support efforts that facilitate requirements refinement,

development of an affordable and effective platform; provide opportunities to continue

maturing the performance specifications and conduct analysis of alternative design

approaches; faliate reliability improvements and plans for governmimhished

equipment and mechanical and electrical systems; and support development of cost
reduction and other affordability initiatives,”™ H

, 425w/ UOT UEO
The Navy def i nges4 MUSe/est atso b9 feet | ong, with d
tons. The Navy wants MUBYstenliuglanlc@SVsg.ectomflbhaulre
t hat can accommodate various payl oads. I nitial [
sur veei lalndhaeconnai ssance (I SR) payloads and el e
is pursuing the MUSV program as a rapid prot y
d

ot
mi ddlac guiesri t iZdheadtihesrti tMUSYV pr ot o9 yapned wahse f un
Navy wants fund the second prototype in FY2023

F
€

The MUSV psobudnnddienvgel op mebhdf evrog &k Adv arhceed Resear
Projects AgeaendgAr(®wWBMBA)Ii ne War fare Continuous Tr

%Depart ment Contractdleof Sept.st2020“ accessed September 8, 2020. The a
a single, unbroken paragraph. In reprinting the text of the announcement, e $herannouncement into the smaller
paragraphs shown here to make the announcement easier to read.

2"Mallory Shelbourne “ 6 Companies Awarded Contracts to BSNart Work on
News September 4, 2020. See also Paul McLeaavy Awards Study Contracts On Large Unmanned-Sig
Congress Watches CloselyBreaking DefenseSeptember 4, 2020.

28 This is a reference to Section 804 of the FY2016 National Defense AuthorizatioB. A&S@P.L. 11492 of

November 25, 2015). The rapid prototyping authority provided by that section is now codified at 10 U.S.C. 2302 note.

For mor e on t Nidde Tiareqhisitioni(Segtion 8G4'e M1 TRE, undated, accessed Ma
https://aida.mitre.orghiddletier//, and “ Acqui sition Process, Mi ddl e Tier Acqui
updated March 26, 2019, accessed May 24, 20H3f@t/acgnotes.coratqnotedcquisitionghiddle-tier-acquisitions
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ACT M) or tOfafnidc & heef Nav aun dRede ddnsenh Df GUSRJa c e me n t

fflg tshdewmgditei s work | ed to the deeign, constr.
rototype Sea HuntE@$V mewlisana di epdoatcedehéngth of
0.2 meters) and a di®Ihlea ¢daMLhIV opfr oagbroaum i 1s4 Oa |tsoor
mpl oy-raafiyeebmmand and control e¢y€ERpped| byi thef c
trategic Capabilities Office for the LUSV progr

On July 13, 2020, the Naay $8dn 0919 ¢ &d[8H derarnitsr]ia chh a d
Technol ogi es, I nc. for the development of a sing
prtotype, with options to procure up to eight ad
open competitive procurement process. Funding i s
prototype. Wi th all options eXdb6ci 6edddt heonaht f
is provided i n*TheuNiKevpipusdtgaettieyy etahrast. t her e wer e f
for the contract, buflfFdp8smowsia@demenddésrithg of hled
design concept

(

e
p
4
e
S

Figure 8. Rendering of L3Harris Design Concept for MUSV

Source:L3Harris Technol ogies, oOL3Harris Te vdhioloRArogrgmm es Awar de
from US Navy, 6Sefdalsp Rishard R Byged8@829o6s Medi um USV to Be Based
Vehicle BeapoweAugust 19, 2020.

L3Harris states that

wi || integrate the company’ s ASMVHiuE®® aut onomy t ec
foot commercially derived vehicle from a facility along the Gulf Coast of Louisiana. The

MUSV will provide intelligence, surveillance and reconnaissance to the fleet while

maneuvering autonomously and complying with international Collision Regudatorn

in operational environments.

®See, for exampl $eaHune Yramanndd ShipsQordinues,Auténomy Testing as NAVSEA Moves

Forward with Draft RFP USNI NewsApril 29, 2019; Ea n  Mi IDPARrP@A, ““Sea Hunter,” Worl d’' s Lz
Autonomous Ship, Transferred to U.S. Nav§omposites Manufacturing Magazjrieebruary 12, 201&ydney J.

Freedberg Jr. DSD [Deputy Secretary of Defenséd]lor k Embr aces DARPA’' s, BHRemdingt Boat, Sea
DefenseApril 7, 2016.

30PEO Unmanned and Small Comba nt s P u bNavycAwatds Camtract for, Medium Unmanned Surface
Vehicle Prototype ” Nav al Sea Systems Command, July 13, 2020.

3'Ri ¢ h ABHarrigWins $35 Million MUSV Prototype Corairt Defense DailyJuly 13, 2020. See also Sam
L a Gr oNaw Awafds Contract for First Vessel In Its Family of Unmanned Surface VehitI8s1 NewsJuly 14
(updated Jul y 15)Navy2n@sDeal FoPNaw Unmaviced EledirepkingDefenseJuly 13, 2020.
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L3Harris will be the systems integrator and provide the mission autonomy and perception
technology as the prime contractor on the program. The program team includes Gibbs &
Cox and Incat Crowther who will provide thieijs design and Swiftships will complete the
construction of the vehicle.

L3Harris is a world leader in actively powered Unmanned Surface Vehicle (USV) systems,
with over 115 USVs delivered worl dwi de. L3Harri s’
universities, research institutions and commercial businééses.

7+445w/ UOT UEO

The XLUUV progr amQ @& egr emasswre sasabl i shed to addr
Emergent Operational FNgdd e P&EONgavy Adefsihhmevsns XbhUUV

with a diameter of more than 84 inches, meaning
from a manned*®NawgegubmaliypeXtubwdpbosaebtdr watt
operating lpaourntc haendd ftrhoeom pi er. The Navyw wants XLU

modul ar payl oad bay for carrying mines and ot her

The first wvdrvee fiXubnUdX@0rlo9u g h'st hreesdaavy h and devel o
appriogpti onfThaecaeeNpuaoabdnducted a competition for the
annouonncerdebruary 13,el 2Bdéetdbdg bpti ctaetsthatdaed f debkiver
four Orca XLUUVs and a4 dhei ot étwlhmsaneplaeedr eyl e ment s
Lockheed Marthn2y, OR0M9, t he Nav geianngn chuandc ebde etnh a t
expanded tthfei i n®B@eleag has partnered with the Tec
of Huntington Ingall sXLUdd¥éArseparn &t ¢e-dit wi diuon do
Newport News Shipbuil di ng s( No\NiSe) doff tthMesw shoatvtga N é w
buil ders.)

The Navy wants procure additional XLUUVs at a r
Navsy FY2021 buadmedoesubmdtssiincl ude funding for th
XLUUVs in FY20T2hle oNavVvRyY 20s22p.r oposing to fund the
FY2023 and subsequent years through the Other Pr
account .

—~ )

I n Juniet 2wWaRD ,reported t hatl eav eslt urdeyq uoifr Efonettnutrse | Neadv
Assessment and PCABEHEwicechahubheo®ffice of the Se
(OSD) recommended a future Navy wfth, among ot he

BoeisngOrca XLUUV desi g(hblwitiktellfiybne rcierrftoaffimmetoh)ebsypect s
desi BoesbghWoyage(Filglhe gapDe &mnd a L3

2. 3Har ri s Te c hrisddchngldgiessAwarded Ne#izm Unmanned Surface Vehicle PrdgoamuUs
Navy, ” August 18, 2020.

33 Navy submarinesquipped with largeliameter vertical launch tubean launch missiles or other paydsawith
diameters of up to about 83ches.

34 Department of Defens€&ontracts for Feb. 13, 2019
35 Department of Defens&ontracts for March 27, 2019

%See, for example, Hugh Lessig, “Shi pbuDeferdeeNewdlag®ds a Hand
20109.

S’Davi d B .ToCQompgete with ChindAn Internal PentagoBtudy Looks toPour Money intoRobot

Submarines Defense Newslune 1, 2020.

BSee, for exampl e, Hugh Lessi g, “Shi pb ubeferddslews Mag26d s a Hand
2019.
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Figure 9.Boeing EchoVoyager UUV

b

Source: Boeing photograph posteat https://www.boeing.condefensedutonomoussystemséchovoyager/
index.page#ffallery

Figure 10. Boeing EchoVoyager UUV

Source: Boeing photograph posteat https://www.boeing.condefensedutonomoussystemstchovoyager/
index.pageftfallery
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Figure 11. Boeing Echo Voyager UUV

Source: Navy briefing entitled oUnmanned Maritime Systems, 6 |
Unmanned Maritime Systems, PMS 406, Distribution A: Approved for public release; distribution unlimited,
October 23, 2019, slide 5.

Echo Voyager ilashla freeedt dmogwwgl aarndcr oss section of
in the air of 50 tons, and a range of wup to 6, 5¢(
payl oad section up to 34 feet in | edfiggoh, increas
modul ar payload section provides about 2,000 cut
( Xfdoo0t) section provides about 900 cubic feet E

payl¥ads.
/ OU1 @ OEDDUW E w6 E wy igyk-O&b w! B &80\’ kO

The Navgurrtewvefogbiath wans Dreecleenabseerd |115s, f2d0rl 6
achieving and maBmathaniendi nsghiap sf,| eaentd odoes not i ncl

t olpevel extphpa sasrinend afdt al fl eet size.

As méonedheaNhBhvgrantd DOD since 2019 have been w«
l evel goalNawy uepéakiedbfarede goal . The concl usi or
and the release of its resultscet ®@dd®ngress have
On October 6, 2020, Secretary of Defense Mar k Es:s
Admi ni &t rnetwi odNrd vew eflorgmeal , which it cal-l s Battl e

| evelwhgoahl appears gener atilsyt rcilobmustti esch efohh i wé ¢ thu tt d e

earl i er icmaltlésc Bfioereipomae ae HGtOWamaomed and unmanned
2045including 355 manned ships prior to 2035

In his remar ks, Esper stat €t4tboh a24 0B au nt nhaen nFeodr caen
optionally manmsad facref yes.ddisdisevd b dd lk hgpes

39 Source: Boeing product sheet on Echo Voyager, accessed May 31, 2618s:4tvww.boeing.comésources/
boeingdotcondefensedutonomousystemséchevoyagerécho_voyager_product_sheet.pdf

40 For more on the 355hip plan, se€RS Report RL32663\avy Force Structure anBhipbuilding Plans:
Background and Issues for Congrelsg Ronald O'Rourke

“Department of Defense, “Secretary Of Defense Remarks at C.
on the NDS [National Defense Strategy] and Future Defense Madarhii on Pri orities,” transcript
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provide a breakdown
Force 2045 suggest
upwards of 60 XLUUV
than) 100 MUSVs* and

%8 | b8 | U OE P OT

Tablsechows 1IFW2®mX2e quested

covered in this rep

of this f

ort

i gu

r e, but press r e

t hlautd et h6e5 ftiog u8r7e LoU S V1s4 Oa nndi gl S

s, and that t
60 XLUUVs.

he fi

gure of 24C¢C

afhdnpdi ogr d mme tlogse almar ge U

Table 1.FY2021-FY2025 Requested and Programmed Funding for Larg e UVs
Millions of dollars, rounded to nearest tenth

FY21-
FY25
Program FY21 FY22 FY23 FY24 FY25 total
LUSVresearch and developmefinding 238.6 377.2 1445 198.7 1349 1,093.9
(Quantity prototype LUSVs () (@) 0) 0) ©) 3)
LUSV (procurementunding 0 0 455.0 373.6 536.6  1,365.2
(Quantity deployableUSY) (0) (0) (%)) (%)) ©)) )
MUSVresearch and development funding 26.3 30.0 43.0 43.9 447 187.9
(Quantity prototypeMUSVp ©) ©) 1) ©) ©) @)
LUSV and MUSWhablingechnologies 199.1 122.8 192.8 77.9 80.9 673.9
research and development funding
XLUUVresearch and development funding 115.9 43.0 78.5 77.0 7.7 322.1
(Quantity) ©) ©) ©) ©) ©) ©)
XLUUV procurement funding 0 0 158.5 162.6 232.8 552.9
(Quantity) ) ) @) @) @ (6)

Source: Navy FY202 budget submission. LUSVHsoject 3066 withinPE (Program Element) OGDAN (line 27
i n the NAaresedrch arfe ¥eelo@ment account). MUSRrisject 3428 withinPE 060378N (line 27).
LUSV and MUSV enabling teclogiésis Project 3067 withinrPE 060378N (line 27). XLUUV isProject 3394

within PE 04536N (line 8).
Note : Totals may not add due to rounding.

(UUUT Uwi O0w" 661 Ul U0

dtelvee | logpri gneg Wvhsd gpaovsesruead nign  t h

The Nawyoposals for
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6, 2020.
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42 For additional discussion and citations to the press report€R8dReport RL3266%avy Force Structure and
Shipbuilding Plans: Backgrounchd Issues for CongresBy Ronald O'Rourke
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T What de danahleysses show regapdbhnbandhersirseklsat i ve
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associateddwisthi thiméecemauae @h
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Anot her potenti al ovencéemghmses i dasudapgty ro fCompye reastsi o
( CONOPS) for these | dasg gendd&rsst anecdinmggat hae dNatvyi l
wi || oper atceo ntjhuenscet i bvis wiit h manned Navy ships in
and consequently how, exacslgvet aekbef dVese wstl t uci
operations. Potential oversight questions for Cc
T How fulhley Nmvyy tdevel oped its CONOPS for these
activities is the Navy undertaking to devel o]

T What i s’'st ICeONNERMByntigloes e liamr gda gV, s
noncombat operations?

T How sensitive are thethatfbobhmaNaeyrbgsai esmah

for these | arge UVs to potenti al changes in
Navy continues to develop the CONOPS? How |
wi || have to change the pg#JVer man@e requirem
consequenfcel lofy dwvel oping their CONOPS?
As menti omeMagarl0Dil®r, the Navy established a surf
devel op operational concepts for LUSVs and MUSVs

Zumw@bbPL000) <class destroyer and one Sea Hunter
(Fi g#)r.e A second Sea Hunter protobéeypedwol | FY2@DO0!!
and LUSVs and MUSVs will theffAb%e ptdemeras9t hz2g2
press report states:

Development squadrons working with unmanned underwater and surface vehicles are

moving out quickly to develop concepts of openagsiand humamachine interfaces, even

as they’'re stildl using prototypes ahead of the de
said this week.

Capt. Hank Adams, the commodore of Surface Development Squadron One

(SURFDEVRON), is planning an upcoming wed@ag experiment with sailors in an

unmanned operations center (UOC) ashore commanding and controlling an Overlord USV

that the Navy hasn’t even taken ownership of from

“®See, for exampl e, Megan Eckstein, “Navyl008tUammaened Up Sur face
Exper i meUSNld&Newso May 22, 2019; David B. Larter, “With Billion
Charts I|Its UrDefenseNews Mayu6 e, 2019. See al so Michael Fabey, ‘o
Systems Oper atliamredls Cavgydpyig 20i9n at i onal
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on figuring out what the command and conpudcess looks like and what the supervisory
control system must allow sailors to do.

And Cmdr. Rob Patchin, commanding officer of Unmanned Undersea Vehicles Squadron
One (UUVRONY1), is pushing the limits of his test vehicles to send the program office a
list of vehicle behaviors that his operators need their UUVs to have that the commercial
prototypes today don’'t have.

The two spoke during a panel at the Association for Unmanned Vehicle Systems
International (AUVSI) annual defense conference on Tuesdaymanié clear that they
want to have the fleet trained and ready to start using UUVs and USVs when industry is
ready to deliver therff:

EEI Ol UEUI Ew EQUDPUDPUPOOW2UUEUI T Pl UwEOI

oversight dddsaiequdiogi tCiomrg r etsrsa tc

Anot her potenti al
the Navy wants to use for these | arge UV prograr
include the following:

T What are the potenti al costs, benefits and

strategies eatheadi thamala @amoqui sition approac!l
more time developing the technologies and op
prior to putting them into serial production
affected by the shi fetnviim otnhree nit Ctobd rdmma ttihcen glo sst
War era to the new era of*renewed major powe.l

T Are t He @Nraoopyosed c héasn gaecsc etloe rtaltee dL LASWyui si ti on
appropriate and sufficient?

T To what degree, i f any, ichaut et heosenelwar ge UV pi
approaches for defense acquisition that are |
international security environment?

31 EIl OPEEOOW2ETWBUOI OWEOEW" 6UU
Anot her potenti al oversight issue for Congress ¢
cot risk in, tphaerstei pulogmrlaynsgi ven t hat these pl atf

unmanned-aaundnoemiusl y or autonomouslIPyptfean ia@axt end
oversight quedtnicdtnhsd effoorl |Coowigmnrge:s s

T How muk hofritshi s kind do thesetlpgograms pose,

enabling techeeldogioedet deevel oped for them?

T I'n additi dsn proo pchsee d\ acvhydsn gaecsq utios itthieo nL B3IV at eg
what is the Navy dodagt ubdscenh eadhgatsekshhmi mahage
while it seeks to deplacygutilked ® oleVd i onel ameacc

theseitighti-managemenskefforts appropriate a

T At what point wo uslcdh etdledl leryisg a lo rrp rdahtsdtseegsy ,o wt h i
programs require a’'sr @gdane d omerhtiffldd efttr loen N awy c
architectdresettobatedrarchitecture?

“Me gan EcUSY¥, tJeVi Sgquadrdns Testing Out Concepts Ahead of Dslieé Their Vehicles USNI News
September 9, 2020.

45 For more on this shift, s€8RS Report R4383&Renewed Great Power Competition: Implications for Defénse
Issues for Congresbdy Ronald O'Rourke
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A June 1, 2 0s2t0a,t epsr ess report

The U.S. military is banking on unmanned surface and subsurface vessels titsboost
capacity in the face of a tsunami of Chinese naval spending. But before it can field the
systems, it must answer some basic questions.

How will these systems deploy? How will they be supported overseas? Who will support
them? Can the systems be mad#iciently reliable to operate alone and unafraid on the
open ocean for weeks at a time? Will the systems be able to communicate in denied
environments?

As the Navy goes alh on its unmanned future, with billions of dollars of investments
planed, howhe service answers those questions will be crucial to the success or failure of
its unmanned pivaté

A June 23, 28kt epress report

The Navy’s transition from prototype to program
surface and undersea systerssbeing aided by industry, international partners and

developmental squadrons, even as the program office seeks to ease concerns that the

transition is happening too fast, the program executive officer for unmanned and small

combatants said today.

RearAdm Casey Moton said he’'s aware of- concerns reg
particularly the Large Unmanned Surface Vessglll be developed and used by the fleet,
but he’s confident in his team’ s path forward.

“From my standpoi ntgreat erogessen working out the technicabt o f

maturity, answering those kinds of questions (about how to employ and sustain the vessels)

and getting the requirements right bef ore we move
event today céosted by the U.SNaval Institute and the Center for Strategic and

International Studie¥.

An Awugdg, 2020, press report states

As the U.S. Navy pushes forward with developing its large unmanned surface vessel,
envisioned as a kind of external missile magazine thtaglalong with larger manned
surface combatants, a growing consensus is forming that the service needs to get its
requirements and systems right before making a big investment.

In an exclusive July 16 interview with Defense News, Chief of Naval Opasafidm.
Michael Gilday said that while thécongressionallmarks [on the program]were
frustrating, he agreed with Congress that requirements must be concrete right up front.

“The approach has to be deliberatsgstemsGi | day sai d.
that are on those unmanned systems with respect to the [hull, mechanical and electrical

system], that they are designed to requirement, and perform to requirement. And most

importantly, are those requirements sound?

“1 go back toedrnas qagsti®hattirmgn tyo the devel opment
Combat Ship (LCS)]: Do | really need a I|littoral c
to drive the entire design of the ship, not |just
becomes arttical factor. If you take your eye off the ball with respect to requirements, you

can find yourself drifting. That has to be delibe

“%Davi d B.USINavyEmeracesRobotShips,But SomeUnresolvedssuesAre Holding ThemBack Defense
News June 1, 2020. Pergagonléedsado @orFastmd Shiver+Ok Unmanned Systems’
Forbes June 11, 2020.

“"Me g an E cPkograne0Office, Mattiring USVs, UUVs With Help From Industry, International Partrig&NI|
News June 23, 2020.
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Gilday has called for the Navy to pursue a compr
that creates a path forward foneéoping and fielding unmanned systems in the air, on the

sea and under the water. Right now, the effort exists in a number of different programs that

may not all be pulling in the same direction, he said.

“What |l " ve found is tédatheeridgadm’'thatcessagul yed
number of programs that would bring those toget
objectives with milestones,” Gilday told Defense

programs], where are there similarities and whee there differences? Where am |
making progress in meeting conditions and meeting milestones that we can leverage in
other experiments?

“At what point do | reach a decision point where
program that 4 can accelerate?”

A Semher 8, 2020, press report states:

Sever al Navy program officials and resource spon:¢
the next couple years giving Congress enough confidence in unmanned surface and
underwater vehicles to allow the service to mérom prototyping into programs of record.

Across the entire family of USVs and UUVs, the Navy has prototypes in the water today
for experimentation and in tandem is making plans to design and buy the next better vehicle
or more advanced payloads, wittetldea that the service will iterate its way to achieve
congressional confidence and authorization to move forward on buying these unmanned
systems in bulk.

Rear Adm. Casey Moton, the program executive officer for unmanned and small
combatants, spoke today the Association for Unmanned Vehicle Systems International
(AUVSI) annual defense conference and provided an update on the status of his portfolio
of UUVs and USVs, some of which have run into trouble with lawmakers not convinced
of their technical matrity and their tactical utility.

Anticipating audience questions, he said in his s
the marks and the report | anguage and the questio
context from my perspective. | believe tiscussion with Congress has not been about if

unmanned vessels will be part of the Navy. “1f’ h
right now that *“if’ is a major question. The foct
of ‘“what,  qguhr ¢ memiss odndemi ssion type. And of <co

guestion. How many, | will not focus on today. How many is dependent on Navy and
[Office of the Secretary of Defense] force structure work. But for PEO USC, how many is
ultimately important, but ar focus now in this prototyping and experimentation and
development phase is on the how, and working with our requirements sponsors and the
fleet on the what.?”

The most ambitious part of the Navy’'s current pl
program & record in Fiscal Year 2023, despite the LUSV being the piece of the family of

USVs that Congress takes issue with the most. The Navy intends for these ships to be

armed with vertical launch system cells to fire off defensive and offensive missiids

sailors onboard manned ships overseeing targeting and firing decisions, since there would

be no personnel on the LUSY.

“Davi d B .InDevaloptngRobptWarships, US NavyVants toAvoid AnotherLittoral CombatShip, Defense
News August 17, 2020. See alsolr e n T h dJrSpNavwy Mounts Campaign To Convince Congress That
Unmanned Vessels Are Critical To Winning Future WaFerbes August 17, 2020.

““Me g an E cNaw Pustiing to Mdintain 2023 USV Program of Record Timelil&NI NewsSeptember 8,
2020.
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frigates and Littoral Combat Ships)?
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f To wiheagr e e, i f amy ,stmii gphutt etdhermdrig ect ure and
UV programs change t(Nmesywiupglb winlddidigtri buti on
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opienr anvtRiereg sent i al Sade eolssagr wesr.s have expresse
s Ai dsne. 28, @lodm®@n, ofpomienampl e, states

The immediate danger from militarized artificial intelligence isn't hordes of killer robots,
nor the exponential pace of a new arms race.

As recent events in the Strait of Hormuz indicate, the bigger risk is the fact that aotsnom
military craft make for temping targetsandincrease the potential for miscalculation on
and above the high seas.

While less provocative than planes, vehicles, or ships with human crew or troops aboard,
unmanned systems are also perceived as relagéxggndable. Danger arises when they
lower the threshold for military action.

It is a development with serious implications in volatile regions far beyond the-Gatf
least the South China Sea, where the U.S. has recently confronted both China and.Russia

As autonomous systems proliferate in the air and on the ofaapesing] military
commanders may feel emboldened to strike these platforms, expecting lower repercussions
by avoiding the loss of human life
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Consider when Chinese naval personnel in alsbwat seized an unmanned American
underwater survey glide&rin the sea approximately 100 kilometers off the Philippines in
December 2016. The winged, torpesitaped unit was within sight of its handlers aboard
the U.S. Navy oceanographic vessel Bowditetno gaped in astonishment as it was
summarily hoisted aboard a Chinese warship less than a kilometer distant. The U.S.
responded with a diplomatic demarche and congressional opprobrium, and the glider was
returned within the week.

In coming years, the Chese military will find increasingly plentiful opportunities to
intercept American autonomous systems. Thew@er prototype trimaran Sea Hunter, an
experimental submarirteacking vessel, recently transited between Hawaii and San Diego
without human intevention. It has yet to be used operationally, but it is only a matter of
time before such vessels are deplayed

Chind savy may find intercepting such unmanned and unchaperoned surface vessels or
mini-submarines too tantalizing to pass up, especialyaghingtoh meek retort to the
2016 glider incident is seen as an indication of American permissiveness or timidity.

With a captive vessel, persevering Chinese technicians could attempt to byptaspeti
mechanisms, and if successful, proceed tomighff communication codes or proprietary
artificial intelligence software, download navigational data orgrogrammed rules of
engagement, or probe for cyber vulnerabilities that could be exploited against similar
vehicl es ..

Nearly 100,000 ships tramnghe strategically vital Singapore Strait annually, where more
than 75 collisions or groundings occurred last year alone. In such congested international
sea lanes, declaring a foreign navgutonomous vessel wayward or unresponsive would
easily serve asonvenient rationale for towing it into territorial waters for impoundment,

or for boarding it straightaway.

A memorandum of understanding signed five years ago by the U.S. Department of Defense
and the Chinese defense ministry, as well as the collamrcatde of naval conduct created

at the 2014 Western Pacific Naval Symposium, should be updated with an expanded right
of-way hierarchy and neimterference standards to clarify how manned ships and aircraft
should interact with their autonomous countetpaWithout such guidance, the risk of
miscalculation increases.

An incident without any immediate human presence or losses could nonetheless trigger
unexpected escalation and spark the next cofflict.

/T UUOOOI Ow( OxOPEEUDPOOU
Anot her over sniggletssi sone eparss@dnpelpoatnonal of

i ncorporating a significamt fhnembderarcthiltecdar@Vs |
guest iCoonnsg rfeosrk neee f al | owi ng

T What i mplications might thles&illdasgetUWds nhhage
and career paths of Navy personnel ?

50 A glider is a type of UUV. The glider in question was a few feet in length and resembled a small torpedo with a pair
of wings. For a press report about t hdpdatedi ChingseSeimef t he gl i d
U.S. Navy Unmaned Vehicle USNI NewsDecember 16, 2016.

51 Evan Karlik US-ChinaTensions—Unmanned Mlitary Craft RaiseRisk of War, Nikkei Asian ReviewJune 28,

2019. See also David B. Larter, “The US NaviyQu&tafors |t' s Doi
Aut onomous Déémsepeys sSe€pt ember 1 2 ,Aut@6nmioBs;NavlesGouldMakex\ar, Morée

Likely, National InterestAugust 17, 2020.
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MUSYV, and XLUUV programs and their enabling tech

Table 2. Congressional Action on FY202 1 Large UV Funding Request
Millions of dollars, rounded tthe nearest tenth

Authorization Appropriation

Request HASC SASC Conf. HAC SAC Conf.

Navy research and development account

MUS\& andLUS\& (Line 27, Projects 3066, 3067, 342 4640 2704 0 2592  91.2
MUS\& (Line 27A) 0 0 0 0 55.4
XLUUV (Line 89, Project 3394) 1159 1059 959 80.2 1159

Sources: Table prepared by CRS based on FYRBavy budget submission, committee and conference reports,

and explanatory statements on the FY20®ational Defense Authorization Act and the FY20R0D

Appropriations Act.

Notes: LUSV is Project 3066 within PE (Program Element) Q6B (line27i n t he Ndaresedch FY202
and development accountylUSV is Project 3428 within PE 08Q78N (line 27). LUSV andMUSV enabling
technologies is Project 3@8within PE 060B78N (line 27). XLUUV is Project 3394 within PE 0604536N (line
89).HASC is House Armed Services CommitteBASC is Senate Armed Services Committé$AC is House
Appropriations Committee SAC is Senate Appropriations Committe€onf. is conference agreement.
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reduction of $238.6 million (tfWevoemttli o@malequest
Overlorpgdbeexgkebs. Arorecneremended i ncrease of $45.0
convetrwdarnwy Exp&daisttiamspisfyEtPF) i nto bL®PXRNgepr ot otype
39Arecommended reduction of‘XI$W0OVaiel Itieosnt faonrd XL UL
evaluati®Pag®d8ar d

Regarding the recommended funding fH.rRecpotnver ti ngc
114642t at es

Expeditionary Fast Tram®rt conversion to an unmanned surface vessel

€

The committee recognizes that unmanned surface vessels will play an essential role in
future fleets of the Navy and supports the development of this capability in a manner that
responsibly fields thisnewcagah i t y. The committee continues to be
current acquisition strategy incorporates an excessive amount of concurrency and is overly
focused on the hull. The desire to move immediately from development into serial
production will only yieldsimilar misfortunes as past shipbuilding programs with similar
strategies. The committee believes the Navy should be primarily focused on the autonomy
piece of this capability and ensuring that technologies that will need to be developed to
support autonmous operations are mature before being incorporated on a purpose built
vessel. A strategy that includes prototyping and-désthip systems such as propulsion,
Command, Control, Communicatior@pmputers and Intelligence, and other major Hull,
Mechanicabnd Engineering systems prior to hull form decisionsm®ee prudent strategy

that may actually field this capability soon&éhe committee is also concerned with what
level of manning ifany will be required for these vessels. In briefings, the Naggtased

that initially these vessels will need to be minimatignned rather than fully unmanned in
order to maximize Conceptf Operations (CONOPS) development. The committee
believes thathe Navy should modify existing mature manned ships to supgoriomous
operations in order to develop CONOPS rather giracuring new ships that will need to
support manned operations, but will eventually be fully unmanned.

Therefore, the committee recommends $45.0 million in PE 0603178N for the conversion
of two Expeditionary Fast Transport (EPF) ships to support autonomous operations and
accelerate CONOPS development. (Page443

Sectioi. R30a8@&Grted by the committee states

SEC. 230. LIMITATIONS RELATING TO LARGE UNMANNED SURFACE VESSELS
AND ASSOCIATED OFFEN SIVE WEAPON SYSTEMS.

(a) LIMITATION ON AVAILABILITY OF FUNDS FOR LUSV.—

(1) LIMITATION.—None of the funds authorized to be appropriated by this Act or
otherwise made ailable for fiscal year 2021 for the Department of the Navy for the
procurement of a large unmanned surface vessel may be obligated or expended until a
period of 60 days has elapsed following the datenbith the Secretary of the Navy
submits to the congssional defense committees the certification described in paragraph

).

(2) CERTIFICATION DESCRIBED-—The certification described in this paragraph is a
written statement of the Secretary of the Navy certifying, with respect to any large
unmanned surfacesgsel to be procured by the Secretary, the following:

(A) A hull system, a mechanical system, and an electrical system have been developed for
the vessel and each system

(i) has attained a technology readiness level of seven or greater; and

(ii) can be oprated autonomously for a minimum of 30 days.
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(B) A command control system has belaveloped for the vessel and the system

(i) can be operated autonomously;

(i) includes autonomous detecticand

(iii) has attained a technology readiness level of sevaeater.

(C) A detailed plan has been developednfi@asuring and demonstrating the reliability of
the vessel.

(D) All payloads expected to be carriedtbe vessel have attained a technology readiness
level of seven or greater.

(b) LIMITATION ON LUSV WEAPON INTEGRATION—

The Secretary of the Navy may not integrate any offensi®apon system into a large
unmanned surface vessel uttie date on which the Secretary of the Defense certdies
the congressional defense committees that any large unmsumfiece vessel that employs
offensive weapons wiltomply with the law of armed conflict. Such certificatishall
include a detailed explanation of how such compliance will be achieved.

21 OEUI

The Senate Armed Ser vi<s. eRe pRo3nbifii ltbtuene, 2%.n 2102010 e @a
4049recommended the funding ITabZTelke shown in the
recommended r educltiimenfs@Exod ezsesr op rfoucnudriennge nt ahead
testiPag®d)dhe recommende & 2mednidtiiom“@rocra XWUIWUV i s
[ XLUUW]sting del ay and urbelielr. tOi éSneadkaehhdesatd sltUVat egy
uncertifi ddhte $i1 Path®art € gy

Sectiofb.1ZBAd@orted by the committee states

SEC. 122. LIMITATION ON NAVY MEDIUM AND LARGE UNMANNED SURFACE
VESSELS.

(a) MILESTONE B APPROVAL REQUIREMENTS-Milestone B approval may nbe
granted for a covered program unless such program accomplishes prior to and incorporates
into such approvat-

(1) qualification by the Senior Technical Authority-ef

(A) at least two different main propulsion engines and ancillary equipment, incluging th
fuel and lube oil systems; and

(B) at least two different electrical genera tors and ancillary equipment;

(2) final results of test programs of engineering development models or prototypes for
critical systems specified by the Senior Technical Autharityheir final form, fit, and
function and in a realistic environment; and

(3) a determination by the milestone decision authority of the minimum number of vessels,
discrete test events, performance parameters to be tested, and schedule required to
complet initial operational test and evaluation and demonstrate operational suitability and
operational effectiveness.

(b) QUALIFICATION REQUIREMENTS—The qualification required in subsection
(8)(1) shall include a landased operational demonstration of suduigment in the
vesselrepresentative form, fit, and function for not less than 1,080 continuous hours
without preventative maintenance, corrective maintenance, emergent repair, or any other
form of repair or maintenance.
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(c) REQUIREMENT TO USE QUALIFIED EGINES AND GENERATORS-—The
Secretary of the Navy shall require that covered programs use only main propulsion
engines and electrical generators that are qualified under sub section (a)(1).

(d) LIMITATION.—The Secretary of the Navy mayot release a detaiesign or
construction request for proposals or obligate funds from a procurement accoant for
covered program until such program receives Milest®napproval and the milestone
decision authority notifiethe congressional defense committees, in writirfigheactions
taken to comply with the requirements under fastion.

(e) DEFINITIONS—In this section;

(1) The term ‘‘covered-—program’

means a program
(A) medium unmanned surface vessels; or
(B) large unmanned surface vessels.

(2) The etsearom e’ ‘BMialp pmeaainggiveh the tdrmis sedtion 2366(e)(7)
of title 10, United States Code.

(3) The term **° mil emednstheeofficalkewitiinghie Departmentoh or i t y '’
Defensedesignated with the overall responsibility and atitiidor acquisition decisions

for the program, including authority to approve entry of the prognémthe next phase of

the acquisition process.

(4) The term ‘' Seni othe mMeaning giviercthel termhin settionr i t vy’ has

8669b of title10, Unted States Code.
Regardi ng $.eRd -3 tlld2a6k,s
Limitation on Navy medium and large unmanned surface vessels (sec. 122)

The committee recommends a providibat would require that certain technical conditions
be met prior to Milestone B approval for medium and large unmanned surface vessels.

The committee notes that the budget request provides for the prototyping and testing of
Medium and Large Unmanned Suwéa Vessels (MUSVs and LUSVs), including
procurement of up to two additional LUSVs in conjunction with a Strategic Capabilities
Office (SCO) initiative. The committee understands that the four LUSVs procured by the
SCO beginning in fiscal year 2018, at atcof more than $510 million, are sufficient to
achieve the objectives of the SCO initiative, which is scheduled to be completed in the
fourth quarter of fiscal year 2021.

The committee further notes that the budget request inchides to award the LUSV
Detail Design and Construction (DD&Edntract in fiscal year 2022 and transition LUSV
to a program ofecord in fiscal year 2023.

The committee remains concer napmoachbbdWSvVt he budget r
design, technology development, antkégrationas well as a limited understanding of the

LUSV concepbof employment, requirements, and reliability for envisioned misgioss

excessive acquisition risk for additional LUSV procuremienfiscal year 2021. The

committee is also concerned the unclear policy implications of LUSVSs, including-ill

defined internationalinmanned surface vessel standards and the legal statsed or

potentially armed LUSVs.

Additionally, the committedipbtuéd di mmt ptl e, NaVv ReP
to Congress on the Annual LoitangePlan for Construction of Naval Vessels for Fiscal

Year 2020, ' 'siam K mo wliesdsgueess : “ ‘-miannethsystemsl and opti on
are not accounted for in the overall battle force[.The physical challengesf@xtended

operations at sea across the spectfimcompetition and conflict, the concepts of

operations fothese platforms, and the policy challenges associated with emptiséaly
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force from autonomous vehicles must be well underspwai to replaang accountable
battle force ships. '’

The committee believes that further procurement of MUSV4 &8s should occur only
after the lessons learned from the cur®@0 initiative have been incorporated into the
system specificatioand additional risk ratttion actions are taken.

A specific area of technical concern for the committee is the Nayirement for MUSVs
and LUSVs to operate continuously at dea at least 30 days without preventative
maintenance, correctiv@aintenance, or emergent repaifee committee is unaware of
any unmanned vessel of the size or complexity envisioneM 8V or LUSV that has
demonstrated at least 30 days of such operation.

The committee understands that the SCO prototype vesselr¢hattended to provide

risk redwction for this program have demonstrateekween 2 to 3 days of continuous
operation. The committealso understands that the SCO vessels are approximately 25
percent the size by tonnage of a LUSV, which may limit the applicabfllgssons learned

and sk reduction from the SCO vess&isthe MUSV and LUSV programs. Among other
critical subsystemshe committee views the main engines and electrical genesatdesy

USV mechanical and electrical subsystems whose reliahitgritical to ensuring
sucessful operations at sea fore@ast 30 continuous days.

Accordingly, this provision would require at least two main engiaed electrical
generators, including ancillary equipmentpsformally qualified by the Navy, including
a successful demonstrmatiof at least 30 days of continuous operation prior toLthg§V

or MUSV Milestone B approval and would require the osuch engines and generators
in future USVs. The provisiomvould also require the Senior Technical Authority and
MilestoneDecision Auhority to take additional actions related to redudimg technical
risk of these programs prior to a Milestone B approval.

The committee views the qualification of these critical subsystamman essential
prototyping step necessary to providesdid technical foundation for the MUSV and
LUSV programs.Rather than delaying these programs, the committee believes that
qualified engines and generators will enable the delivery of capadliaple, and
sustainable USVs that meet the needs of fleetmanders faster than the plan contained
in the budget request. (Paged®

Sectiofs.23%Bd@orted by the committee states

SEC. 237. LIMITATION ON CONTRACT AWARDS FOR CETAIN UNMANNED
VESSELS.

(a) LIMITATION.—None of the funds authorized @ appropriated for fiscal year 2021

by section 201 foresearch, development, test, and evaluation may befastte award

of a contract for a covered vessel until ttate that i80 days after the date on which the
Under Secretary of Defense for Research and Engineering submits to the congressional
defense committees a report aradtification described in subsection (c) for such contract
and covered vessel.

(b) COVERED VESSELS-For purposes of this section, a covered vessel is one of the
following:

(1) A large unmanned surface vessel (LUSV).

(2) A medium unmanned surface vehiiguSV).

(3) A large displacement unmanned undersgdcle (LDUUV).
(4) An extralarge unmanned undeesgehicle(XLUUV).

(c) REPORT AND CERTIFICATION DESCRIBEB-A report and certification
described in this subsection regarding a contract for a covered vessel is
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(1) a repor—

(A) submitted to the congressional defengmmittees not later than 60 days afteedate
of the completion of an independent technical risk assessment for such coveredrdssel,

(B) on the findings of the Under Secretavrigh respect to such assessment; and

(2) a certification, submitted to the congressional defense committelestheitreport
describedn paragraph (1), that certifies that

(A) the Under Secretary has determinéa, conjunction with the Senior Technical
Authority designated under section 8669b(a)(1jtlef 10, United States Code, for the class
of naval vessels #t includes the covered vesgiht the critical mission, hull, mechanical,
andelectrical subsystems of the covered vessel

(i) have been demonstrated in vessgresentative form, fit, and function; and

(ii) have achieved performance levelgual to orgreater than applicable Department of
Defense threshold requiremefds such class of vessels; and

(B) such contract is necessary to meet Department research, development, test, and
evaluation objectives for such covered vesseldhahot otherwise beehthrough further
land-based subsystem prototyping or other demonstration approaches.

(d) CRITICAL MISSION, HULL, MECHANICAL, AND ELECTRICAL

SUBSYSTEMS DEFINED—In this section,the er m * * cr i ti cal mi ssi on, hull
and el ectr i c aith respecbte g saverech vessel, inclwdes fiilowing
subsystems:

(1) Command, control, communications, computers, intelligence, surveillance, and
reconnaissance.

(2) Autonomous vessel navigation, vessel control, contact management, and contact
avoidance

(3) Communications security, includirgyptopgraphy, encryption, and decryption.
(4) Main engines, including the lube oil, fuel @hd other supporting systems.

(5) Electrical generation and distribution, including supporting systems.

(6) Military payloads.

(7) Any other subsystem identified as criticalthg Senior Technical Authority designated
undersection 8669b(a)(1) of title 10, United States Cdalethe class of haval vessels that
includes the coved vessel.

Regardi ng $.eRd p-2o3tl2d36/ke,s
Limitation on contract awards for certain unmanned vessels (sec. 237)

The committee recommends a provision that would require the submission of a

certification by the Under Secretary of Defense for Research and Engineering to the
congressional defense committees prior to the De
certain vessels.

The committee is concerned that an excessive number of unmannea surfaundersea
vessels (USVs and UUVSs) are being acquired prematurely using Research, Development,
Test, and Evaluation funds and that these vessels may include subsystems that lack
sufficient technical reliability and technological maturity to allow thessels to meet
threshold requirements.

The committee seeks to avoid contracting for USVs and UUVs when the technical
reliability and technological maturity of subsystems critical to propulsion and electrical
distribution or the military purposes of thesgels are either unknown or known to be
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insufficient. For example, the committee notes the Navy requirement for Medium and
Large USVs (MUSV and LUSV) to operate continuously at sea for at least 30 days without
preventative maintenance, corrective mainteeaor emergent repairs. The committee is
unaware of any unmanned vessel of the size or complexity envisioned for MUSV or LUSV
that has demonstrated at least 30 days of such operation.

The committee understands that the Strategic Capabilities Office (8Gtjype vessels

intended to provide risk reduction for the Navy’
maximum of 2 to 3 days of continuous operation. The committee also understands that the

SCO vessels are approximately 25 percent the size by tonnage aMyaLNSV. As a

result, the committee is concerned that the applicability of lessons learned and risk

reduction from the SCO vessels to the Navy MUSV and LUSV programs will be limited.

The committee views prior and successful Kpaded prototyping of indigual critical

subsystems as essential to providing a solid technical foundation for USV and UUV

programs. Rather than delaying these programs, the committee believes that a deliberate
ergineeringbased subsystem prototyping approach will enable the dglofecapable,

reliable, and sustainable USVs and UUVs that meet the needs of fleet commanders faster

than the plan contained in the budget request, which assumes that several unproven or non
existent subsystems will r argquirdnhepts fonagheser i al i ze t o
vessels. (Pages 7&)

S. Repk 3&llsltbat e s
Testbed for autonomous ship systems

The budget request included $122.3 million in Research, Dewelot, Test, and
Evaluation (RDT&E), Navy, for PE 62123N Force Protection Applied Research.

The committee notes that a key technology gap for-thmgtion autonomous ship
operation lies in the robustness and resiliency of the hull and machinery plant. The
committee also notes that autonomous ships will be expected to operate for months
between humaassisted maintenance and that autonomous machinery must be robust and
resilient in order to avoid failure, repair damage, or redirect platforms as needed. The
committee notes the development of digttain technologies that allow for predictive or
automated maintenance and improved operations and logistics and help fill a critical gap
that has been identified in autonomous systems.

Therefore, the committee rmmends an increase of $3.0 million, in RDT&E, Navy, for
PE 62123N for the development of a testbed for autonomous ship systems. (Page 95)

S. RepR23&dllslibat e s
Unmanned surface vessel development

The budget request included $21.5 billion in Research, Development, Test, and Evaluation
(RDT&E), Navy, of which $464.0 million was for PE 63178N Medium and Large
Unmanned Surface Vehicles and $38.4 million was for PE 635¥@Mnced Surface
Machinery Systems.

The committee notes that the budget request provides for the prototyping and testing of
Medium and Large Unmanned Surface Vessels (MUSVs and LUSVs), including
procurement of up to two additional LUSVs in conjunction vetStrategic Capabilities
Office (SCO) initiative. The committee understands that the 4 LUSVs procured by the SCO
beginning in fiscal year 2018, at a cost of more than $510 million, are sufficient to achieve
the objectives of the SCO initiative, which ishsduled to be completed in the fourth
quarter of fiscal year 2021.

The committee believes that further procurement of MUSVs and LUSVs should occur only
after the lessons learned from the current SCO initiative have been incorporated into the
system spedifation and additional risk reduction actions are taken.
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A specific area of technical concern for the committee is the Navy requirement for MUSVs
and LUSVs to operate continuously at sea for at least 30 days without preventative
maintenance, corrective nméd&€nance, or emergent repairs. The committee is unaware of

any unmanned vessel of the size or complexity envisioned for MUSV or LUSV that has
demonstrated at least 30 days of such operation.

The committee understands that the SCO prototype vessels thatemaed to provide

risk reduction for these programs have demonstrated between 2 to 3 days of continuous
operation. The committee also understands that the SCO vessels are approximately 25
percent the size by tonnage of a LUSV, which may limit the agdgility of lessons learned

and risk reduction from the SCO vessels to the MUSV and LUSV programs. Among other
critical subsystems, the committee views the main engines and electrical generators in
particular as key USV mechanical and electrical subsysiéose reliability is critical to
ensuring successful operations at sea for at least 30 continuous days.

The committee also notes that additional funding is necessary to accelerate completion of
the Integrated Power and Energy Systems test facility (ITExhieve full test capability

in fiscal year 2023, consistent with section 131 of the National Defense Authorization Act
for Fiscal Year 2020RublicLaw 116-92), as well as the qualification of silicon carbide
power modules.

Accordingly, the committee commends a decrease of $464.0 million, for a total of $0, in
RDT&E, Navy, for PE 63178N, and an increase of $200.0 million, for a total of $238.4
million in RDT&E, Navy, for PE 63573N.

The committee’s intent is thatedforhteeUSMMcr eased f und
main engine and electrical generator qualification testing directed elsewhere in this Act

($70.0 million); USV autonomy development, which may include conversion of existing

vessels ($45.0 million); accelerating ITF testing ($75.0 milliand accelerating the

qualification of silicon carbide power modules ($10.0 million). (Page88)7

S. Repk 3&llsltbat e s
Advanced undersea prototyping

The budget regest included $21.5 billion in Research, Development, Test, and Evaluation
(RDT&E), Navy, of which $115.9 million was for PE 64536N advanced undersea
prototyping.

The committee notes that the Snakehead and Orca [XLUUV] test strategies require updates
to erable certification by the Director of Operational Test and Evaluation in accordance
with the Senate report accompanying the Department of Defense Appropriations Bill,
2020, incorporated into the Consolidated Appropriations Act, 282R¢pt. 116103).
Additionally, the committee is aware of Orca testing delays.

Accordingly, the committee recommends a decrease of $20.0 million, for a total of $95.9
million, in RDT&E, Navy, for PE 64536N. (Page 100)

A September dmrmd mf@l0gm lteleet eOf f i ce of Budget Mana
chairmen and ranki mgdmainumseed 9dr ¥ ih@aeaBe®@ammi tt ee
concerns that thecd&ddmannspravieonohsasi wi 86h 4049 s

The Administration strongly objesto the absence of authorization language and funding

to procure critical prototype vessels. The Administration believes that rigorouarand
seabased testing is needed for a successful Large Unmanned Surface Vessel Program
(LUSV), providing a lethaldistributed new capability to the fleet. These funds are critical

to reduce risk and conduct integration and testing to ensure DOD is postured to transition
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LUSV to a program of record in FY 2023. The Administration urges Congress to fully
support this ctical capability at the levels in the FY 2021 PresitleBtidget Request
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The Hopupsreo p rCiocantmidrise e, (Hi. Rep#dbs@fiepatlty MHE,R.2020) on
761l7recommended the f undcionlgu rireldeldr £ comomem dierd t he
reduc®ilédmmi 81 i on f oL USVS¥dids tfi omMPrd @B ot ot ypes.
recommended r edlulcitononf ocorf LSUISV. S5andi MUSV enabling
“Unmanned surface vehipalyéoandalpl iot@ adapbahioeiulcit § io@s

recommended reduction of $T3e5s.t 6 2a6n dmiel vi‘ail ouna tfioorn XdLel
(Pa@®)8

21 OEUI
Th®&enate Appropriations Committee, in the explan
commi ttee released on November 10, 2020, F ec omme

col wmMabldTehe recommendd8dd@idlulcito mnt @fl i$ne 27 refl
restructuring of funding for the LUSV and MUSV ¢
i nvolving sevend cfhuanndgensg tloe viedgsuesitnecl udi ng three
$55. 402 million to a newlyl8Bb&6ahtEe d olnimme t27A f or
recommended & 2r5efd U d toiochri ndefe 8Pofiomg acquisition a
Excegpxr sadg ugpmeeat $87) , but it is not clear from
reducti on, if any, applies to Project 3394.

Theommistexpé anat ory statement states:

Unmanned Surface VesselsT he f i scal year 2021 Prsesident’s bud
$437,740,000 for the procurement of two Large Unmanned Surface Vessels [LUSVs] and

containerized payloads, as well as for the development of a modified combat system and

enabling capabilities to prototype and demonstrate technologies in support of a LUSV

program of record in fiscal year 2023 that includes an integrated Vertical Launch System

[ VLS] payl oad. Additionally, the fiscal year 202
$26,302,000 to complete detailed design and oversight of a prototype Mediunmuna

Surface Vessel [MUSV] that carries n@metic payloads, and the Navy has budgeted

funds for the procurement of an additional MUSYV in fiscal year 2023. Subsequent to the

budget submission, the Navy revised its fiscal year 2021 acquisition and begigests

for both the LUSV and MUSV programs and requested that funds be appropriated for the

first year of a tweyear Comprehensive Reliability Plan [CRP] for both programs in lieu of

additional LUSV platforms and payduslyads, whil e m
planned fiscal year 2023 establishment of a LUSV program of record with an integrated
VLS.

The Committee notes that the mission requirements and concepts of operations for the
LUSV and MUSV programs remain an evolving work in progress, and thaeoon

previously expressed by the appropriations committees with respect to a VLS payload on
a LUSV have not been sufficiently addressed. However, the Committee does believe that

52 | etter dated September 14, 2020, frRossell T. VoughtDirector, Office of Management arBudget, to Senator
James M. InhofeSenatodack ReedRepresentativédam Smith and Representativdac Thornberrywith respect to
the National DefensAuthorization Act (NDAA) for FY2021, PDF page 9 of 14, accessed September 17, 2020, at
https://www.whitehouse.goomblegislativeletters/
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demonstrating the reliability of some key technologies of unmanned surfasels/és
critical to acquisition success of any such platforms.

As such, the Committee recommends fully funding the MUSYV program in fiscal year 2021,
to include the Navy’'s requested realignment of $
program in support of a MSV CRP. The Committee also recommends full funding for

the development of enabling capabilities such as autonomy, command and control, sensors,
and experimentation. The Committee recommends no funding for additional LUSVs, a
LUSV combat system, combat g8 modifications, or LUSV payloads in fiscal year
2021. The Committee notes that the Navy will take possession of two prototype LUSVs
from the Strategic Capabilities Office at the end of fiscal year 2021 and that in fiscal year
2020, Congress appropriatkading for two additional LUSVs to the Navy that are also
scheduled to deliver to the Navy at the end of fiscal year 2021. The Committee believes
that the Navy has sufficient prototypes-lwend to define LUSV and MUSV missions,
program requirements, armbncepts of operations in alignment with key stakeholders.
Finally, Congress in fiscal year 2020 appropriated funding for concept design studies to
inform future detail design and construction of a LUSV and recommends an additional
$10,000,000, as requedtiy the Navy, in fiscal year 2021 for these efforts. The Committee
notes that this does not constitute endorsement of integrating VLS on LUSVs. (Pages 191
192)
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